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TITLE OF THE INVENTION

METHOD AND APPARATUS FOR DE-INTERLACING VIDEO SIGNAL

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Application No. 2002-87148, filed

December 30, 2002, in the Korean Intellectual Property Office, the disclosure of which is

incorporated herein by reference.

BACKGROUND OF THE INVENTION

1 . Field of the Invention

[0002] The present invention relates to an image format conversion system, and more

particularly to a three-dimensional de-interlacing method and apparatus for converting an

interlaced scan format into a progressive scan format.

2. Description of the Related Art

[0003] Generally, in the MPEG-2 standard, there are two scan formats: an interlaced scan

format and a progressive scan format. In an encoder (not shown) and a decoder, situations can

arise where it is necessary to convert an interlaced scan format video signal into a progressive

scan format video signal. Such a scan format conversion is referred to as de-interlacing or

Interlaced-to-Progressive Conversion (IPC).

[0004] FIG. 1 is a flow chart illustrating a conventional three-dimensional de-interlacing

method. All operations for de-interlacing are generally performed on each pixel unit of an image

field of an interlaced image frame. For example, it is assumed that IPC is performed at a

position (i, j) of an n-th field, as shown in FIG. 2. In this case, a pixel at the position (i, j) of the

n-th field is referred to as Yn (i, j).

[0005] At operation 112, image signals corresponding to the n-th field to be subjected to IPC

and preceding and succeeding fields ((n-1)-th and (n+1)-th fields) of the n-th field are input.

Subsequently, as shown in FIG. 2, at operation 114, a difference value Dmoti0n between the pixel

of the (n-1)-th field and the pixel of the (n+1)-th field is calculated. Conventionally, the difference

value Dmotion between the pixels is determined from pixels Y^i, j) and Yn+1 (i, j) located at the

preceding and succeeding positions of Yn (i, j) and the pixels Y^i, j-1), Yn-i(i, j+1), Yn+1 (i, j-1)
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and Yn+1 (i, j+1) located at the horizontally left and right positions of the pixels Yn.i(i, j) and Yn+ i(i,

j), using the following Equation 1

.

Dno^ =
1

-tK^j +k)- Ŷ J +k
)\ ( 1 >

[0006] Subsequently, at operation 1 16, the difference value Dmoti0n is compared with a

predetermined threshold value T. If the difference value Dmoaon is greater than the predetermined

threshold value T, at operation 118, it is considered that the pixel Yn(i, j) has moved and

accordingly a motion index value Mn(i, j) is determined as "1". On the other hand, if the

difference value D motion is smaller than the threshold value T, at operation 122, it is considered

that the pixel Yn (i, j) has not moved and accordingly the motion index value Mn(i, j) is determined

as "0".

[0007] In operation 124, it is determined whether the motion pixel values have been found for

all the pixels in the n-th field to be subjected to IPC. Subsequently, if determined, at operation

124, that the motion index values for all the pixels in the n-th field to be subjected to IPC have

been determined, at operation 126, a mode value M of each pixel in the nth field is finally

determined using a motion index value of a pixel in the n-th field Yn(i, j), and using the motion

index values of the pixels at the horizontally left and right positions (e.g., the pixels Yn (i, j+1)) of

the pixel Yn(i, j). That is, as shown in FIG. 3, for example, the mode value M of Yn (i, j) is

calculated using Equation 2 below.

M= £ Mn.i
(i + kJ)+ ^M

n
(i,j + k) .... (2)

JN-1,+1 Jt=-1,0,+1

[0008] In operation 1 28, if the mode value M of Yn (i, j) is "0", it is determined that Yn (i, j) is in

a stop mode. On the other hand, if the mode value M of Yn (i, j) is not "0", it is determined that

Yn (i, j) is in a motion mode. Subsequently, if determined at operation 128 that the mode value M

of Yn (i, j) is in the stop mode, at operation 132, a pixel value is output to which a temporal

interpolation method is applied using an average of two temporally adjacent pixels. On the

other hand, if determined at operation 128 that the mode value M of Yn (i, j) is in the motion

mode, at operation 134, a pixel value is output to which a spatial interpolation method is applied

using an edge direction value. Subsequently, at operation 136, the IPC is completed on all

pixels of the n-th field to be subject to IPC and the same process is performed on the next field.
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[0009] However, conventionally, as shown in FIG. 1 operation 126, only the motion

information of three pixels (i.e., a current pixel and two pixels at the horizontally left and right

positions of the current pixel) are used to determine the motion index value. Therefore, at

operation 114, sufficient motion information may not be reflected. In particular, the conventional

IPC method cannot provide a robust threshold value T to detect images having a few motions

as well as images having many motions, because sufficient motion information is not reflected

at operation 114.

SUMMARY OF THE INVENTION

[0010] Therefore, the present invention provides a de-interlacing method and apparatus

which can strongly/confidently determine a motion mode even in areas having no motion as well

as in areas having motions by performing IPC using motion index values determined from two-

dimensional low pass filtered pixel values.

[0011] Additional aspects and advantages of the invention will be set forth in part in the

description which follows and, in part, will be obvious from the description, or may be learned by

practice of the invention.

[0012] The present invention may be achieved by a de-interlacing method which converts an

interlaced format into a progressive format comprising performing low pass filtering on

respective predetermined pixels of a current frame and a previous frame; comparing a threshold

value to a difference value of the respective filtered pixels, and determining motion index values

of respective pixels in a current field to be subjected to de-interlacing and of respective

temporally and spatially adjacent pixels of the respective pixels in the current field; determining

a motion mode of the respective pixels in the current field based upon the determined motion

index values; and selectively performing spatial interpolation and temporal interpolation on the

respective pixels in the current field according to the determined motion mode.

[0013] The present invention may be also achieved by a de-interlacing apparatus converting

an interlaced format into a progressive format, the de-interlacing apparatus comprising a spatial

interpolation unit spatially interpolating a pixel of a current frame along detected edge directions

of the pixel at respective pixels; a temporal interpolation unit interpolating a pixel of the current

frame by averaging the pixel of the current frame and a pixel of a previous frame; a motion

index value determination unit two-dimensional low pass filtering the pixel of the current frame
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and a pixel of a frame delayed by one frame from the current frame, obtaining a difference value

between the filtered pixel of the current frame and the filtered pixel of the delayed frame, and

comparing the difference value with a threshold value to determine a motion index value of a

pixel in a current field of the current frame; and a motion mode determination unit determining a

motion mode of the current field pixel based upon motion index values of pixels of the current

field and adjacent pixels of the current and previous fields to the current field detected by the

motion index value determination unit, and selecting the spatial interpolating unit and the

temporal interpolation unit according to the motion mode of the current field pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and/or other aspects and advantages of the present invention will become

apparent and more readily appreciated from the following description of the embodiments taken

in conjunction with the accompanying drawings in which:

FIG. 1 is a flow chart of a conventional three-dimensional de-interlacing;

FIG. 2 is a conventional conceptual image field scheme for determining a motion index

value of a pixel in a current field;

FIG. 3 is a conventional conceptual image field scheme for determining a motion mode

value of a pixel in a current field;

FIG. 4 is a functional block diagram of a three-dimensional de-interlacing apparatus,

according to an embodiment of the present invention;

FIG. 5 is a detailed functional block diagram of a motion index value determination unit

shown in FIG. 4;

FIG. 6 is a flow chart of a three-dimensional de-interlacing method, according to an

embodiment of the present invention;

FIG. 7 shows pixel motion index values used for determining a motion mode value of a

pixel in a current field, according to an embodiment of the present invention; and

FIG. 8 shows example locations of YUV components of pixels in a 4:2:0 interlaced

image format for performing a three-dimensional IPC on a UV pixel component in the 4:2:0

interlace image format, according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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[0015] Reference will now be made in detail to the present embodiments of the present

invention, examples of which are illustrated in the accompanying drawings, wherein like

reference numerals refer to the like elements throughout. The embodiments are described

below to explain the present invention by referring to the figures.

[0016] FIG. 4 is a functional block diagram of a three-dimensional de-interlacing apparatus,

according to an embodiment of the present invention. With reference to FIG. 4, first and second

frame memories 410 and 415 store an input image signal in image field units of an image frame.

In particular, the present invention uses sequence of fields of two adjacent interlaced image

frames (i.e., use a current image frame and a previous image frame). For example, the first

frame memory 410 stores a succeeding (n+1)-th field Fn+1 and a succeeding (n+2)-th field Fn+2

to a current nth field Fn (i.e., a current frame) and the second frame memory 415 stores a

preceding (n-1 )-th field F^ to the current nth field Fn and stores the current n-th field Fn (i.e., a

previous frame). Accordingly, by storing the previous and current image frames, IPC can be

performed on the n-th field and (n+1)-th field using the image signals stored in the first frame

memory 410 and second frame memory 415.

[0017] A motion index value determination unit 420 performs two-dimensional low pass

filtering on pixels pm1 of succeeding fields Fn+1 and Fn+2 to the current field Fn (i.e., pixels of a

current image frame) and on pixels pm2 of a preceding field FM to the current field Fn and the

current field Fn (i.e., pixels of a previous image frame delayed by one frame from the current

image frame), obtains a difference value Dmoti0n of the filtered pixels cm1 and cm2, and

compares the difference value Dmoti0n with a threshold value T to thereby determine motion index

values of a current line in a field.

[0018] A spatial interpolation unit 430 performs spatial interpolation of the pixels based on

edge direction values detected at respective pixel positions in the n-th field Fn and the (n+1)-th

field Fn+1 . A temporal interpolation unit 450 obtains an average value with respect to each pixel

of the current frame and the corresponding pixel of the previous frame.

[0019] A motion mode determination unit 460 determines a motion mode on each pixel in the

current and previous image frames using all the motion index values of the current pixel and

peripheral pixels detected from the motion index value determination unit 420, and selects one

between the output of the spatial interpolation unit 430 and the output of the temporal
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interpolation unit 450 on the basis of the motion mode. As a result, the motion mode

determination unit 460 can output the image signals of the n-th field Fn and (n+1 )-th field Fn+1

subjected to IPC.

[0020] FIG. 5 is a detailed functional block diagram of the motion index value determination

unit 420 shown in FIG. 4. With reference to FIG. 5, if the frame memory 410 is storing

succeeding fields Fn+1 and Fn+2 to the current field Fn subject to IPC and the frame memory 415

is storing a preceding field Fn.! to the current field Fn and storing the current filed Fn , a first low-

pass filter 510 performs two-dimensional low pass filtering on each pixel pm1 of the succeeding

fields Fn+1 and Fn+2 to the current field Fn . A second low-pass filter 520 performs two-

dimensional low pass filtering on each pixel pm2 of the preceding field Fn.! and the current field

F n at the spatially same position as each pixel pm1 . The first and second low pass filters 510

and 520 output weighted averaging pixel values for respective pixels within predetermined

areas.

[0021] A difference calculation unit 530 obtains a difference value between the pixel value

cm1 output from the first low pass filter 510 and the pixel value cm2 output from the second low

pass filter 520. An absolute value calculation unit 540 obtains the absolute value of the

difference value from the difference calculation unit 530. A difference value comparator 550

compares a difference value obtained from the absolute value calculation unit 540 with a

threshold value to determine the motion index values of the respective pixels of the nth field Fn .

That is, the difference value comparator 550 determines that a motion exists in a pixel Fn (i, j), if

the calculated cm1-cm2 difference value is equal to or greater than the threshold value, and

accordingly determines that a motion index value of the corresponding pixel is "1". On the other

hand, the difference value comparator 550 determines that no motion exists in the pixel Fn (i, j),

if the calculated cm1-cm2 difference value is smaller than the threshold value, and accordingly

determines that the motion index value of the corresponding pixel is "0".

[0022] FIG. 6 is a flow chart of a three-dimensional de-interlacing method, according to an

embodiment of the present invention. All operations for de-interlacing are performed on the

basis of a luminance component of each pixel. As an example, with reference to FIG. 4, a field

pixel subject to IPC is defined as a pixel at a position (i, j) of an n-th field and the succeeding

fields Fn+ i and Fn+2 and the preceding field Fn.i to the current field Fn are used to detect motion

at the pixel Fn (i, j). At operation 612, image signals of succeeding fields Fn+ i and Fn+2 to the
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current field Fn (i.e., a current image frame) and a preceding field FM to the current field F n and

the current field Fn (i.e., a previous image frame) are input. More particularly, for example, at

operation 612, the IPC is performed on the n-th field Fn . Accordingly, at operation 612, two pixel

values at the temporally front and back positions of the pixel Fn (i, j) to be subjected to IPC are

output, which are a succeeding pixel pm1 (i.e., a succeeding pixel Fn+1 (i, j) to the current field is

output as pm1), and a preceding pixel pm2 (i.e., a preceding pixel Fn.i(i, j) to the current field is

output as pixel pm2).

[0023] Subsequently, at operation 614, the first output pixel pm1 and second output pixel

pm2 are used to generate the first filter output value cm1 and the second filter output value cm2,

respectively, according to the two-dimensional low pass filtering of the low pass filters 510 and

512. For example, the two-dimensional low pass filtering may be achieved by weighted

averaging, that is, a method of obtaining an average by multiplying the values of the pixels

within a predetermined window area extended horizontally and vertically centering on the

current pixel Fn (i, j) by a predetermined filter coefficient. Such low pass filtering is performed on

the first output pixel pm1 and second output pixel pm2. Here, typically, the first filter output

value cm1 is calculated using Equation 3 below.

cml= X G>oAMJ + l)+ X S^F-«(i + *^ + 0 - (3)

/=-l,0,l /=-l,0,l

[0024] Herein, typically, the second filter output value cm2 is calculated using Equation 4

below.

cm2= £ ^F^UJ + l)* £ ^ajtjF^i +kJ + l) .... (4)

/=-l,0,l fc=-l,l/=-l,0,l

[0025] In Equations 3 and 4 above, © k( , is the filter coefficient within the predetermined area

for the two-dimensional low pass filtering, for example, within a 3x3 area. At operation 616, the

difference calculation unit 530 obtains the difference between the first filter output value cm1

and the second filter output value cm2. Further, at operation 616, after obtaining the difference

between the first filter output value cm1 and the second filter output value cm2, the absolute

value calculation unit 540 calculates the absolute value of the difference, which will be referred

tO as Dmot j0n-
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[0026] At operation 618, the difference value comparator 550 compares the difference value

Dmotion with a threshold value T to output a motion index value for the pixel Fn (i, j) subject to IPC.

If, at operation 618, the difference value Dmotion is equal to or greater than the threshold value T,

it is determined that the pixel Fn (i, j) to be subjected to IPC is moved. Accordingly, at operation

622, a motion index value M n (i, j) of the pixel Fn(i, j) is determined as "1". On the other hand, if,

at operation 618, the difference value Dmotjon is smaller than the threshold value T, it is

determined that the pixel Fn (i, j) is not moved. Accordingly, at operation 624, the motion index

value Mn (i, j) of the pixel Fn (i, j) is determined as "0". More particularly, at operation 626, it is

determined if the difference values Dmotion have been obtained for all pixels in Fn to be subjected

to IPC and compared with the threshold value T to thereby obtain the motion index values of all

Fn pixels. Subsequently, operations 614 through 626 are repeated for all the pixels in the field

Fn+1 to be subjected to IPC.

[0027] Subsequently, after the motion index values of all pixels in Fn and Fn+1 to be subjected

to IPC are determined, at operation 628, a motion mode value M of each pixel Fn (i, j) to be

subjected to IPC is determined using the motion index values of the field Fn and peripheral fields

thereof. For example, typically, IPC is performed on a bottom field of a first image frame and a

top field of a second image frame in a pixel line sequence of each field after reading two

adjacent image frames.

[0028] FIG. 7 shows pixel motion index values used for determining a motion mode value of

a pixel in a current field (i.e., Fn (i, j)), according to an embodiment of the present invention. In

particular, with reference to FIG. 7, as another example, the preceding fields Fn-i and Fn _2 to the

current field Fn and the succeeding field Fn+1 to the current field Fn are used as the sequence of

image fields in two input adjacent interlaced image frames (i.e., the IPC is performed on the field

Fn+1 as the current field Fn with respect to the previously processed field Fn ). With reference to

FIG. 7, dark circles denote the pixels of the top field and white circles denote the pixels of the

bottom field. For convenience, the pixels of a vertical component are shown in a time direction.

In FIG. 7, the fields to be subjected to IPC are the fields Fn , and Fn+1 , and using the field Fn as an

example, the pixel to be presently subjected to IPC is the pixel at a dark square position (i, j) of

the field Fn . The motion mode value M of the dark square pixel Fn (i, j) to be subjected to IPC is

determined using the motion index value of the subject pixel Fn (i, j) and the motion index values

at white square positions of Fn _2 ,
F^ and Fn+ i. Here, all the motion index values of the past

fields Fn_2 and F^ are pre-stored in a particular storage, such as the frame memories 410 or
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415. Also, the motion mode values of an upper line of the line to be subjected to IPC are

temporally pre-obtained values. Thus, the motion mode value M of Fn (i, j) is represented using

all of motion index values Mn (i, j) and Mn (i, j±1) of the pixels in Fn , the motion index values (that

is, Mn+1 (i-1, j) and Mn+1 (i-1, j±1)) of the temporally and spatially nearest pixels to Fn(i, j)from

among the pixels in Fn+1 , the motion index values (that is, Mn-i(i±1, j) and Mn-i(i±1, j±1)) of the

temporally and spatially nearest pixels to Fn (i, j) from among the pixels in Fn.1} and finally the

motion index values (that is, Mn.2(i, j) and M n.2(i, j+1)) of the temporally and spatially nearest

pixels to Fn (i, j) from among the pixels in Fn _2 ,
according to the following Equation 5.

k=-i

.... (5)

[0029] According to another embodiment of the present invention, the motion mode value M

can be calculated using some of the motion index values from among the 15 motion index

values used in Equation 5 or using additional motion index values under some conditions. For

example, if a sum of the motion index value of the current pixel Fn (i, j) and the motion index

values of temporally and spatially adjacent pixels of the current pixel Fn (i, j) is "0", the motion

mode of the F n (i, j) is determined to be a stop mode, and if the sum is not "0", the motion mode

of the F n (i, j) is determined to be a motion mode.

[0030] With reference to FIG. 6, at operation 632, if the motion mode value M, which is

determined at operation 628, is "0", it is determined that Fn (i, j) is in a stop mode, and on the

other hand if, at operation 632, the motion mode value M is not "0", it is determined that F n(i, j) is

in a motion mode. Subsequently, if determined at operation 632 that Fn (i, j) is in the stop mode,

at operation 636, a pixel value is output to which a temporal interpolation method using an

average value of two adjacent pixels is applied. On the other hand, if determined at operation

632 that F n (i, j) is in the motion mode, at operation 634, a pixel value is output to which a spatial

interpolation method using edge direction values is applied. In particular, the motion mode

determination unit 460 performs operation 632 according to the output pixel motional index

value from the index value determination unit 420 (i.e., the difference value comparator 550),

and the output pixel values from the spatial and temporal interpolation units 430 and 450 as the

case may be.
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[0031] At operation 638, it is determined whether IPC of all pixels in the current field F n has

been performed. Accordingly, operations 632 through 634 are repeated to perform IPC for each

pixel in the current field Fn . In this way, by adaptively performing the temporal interpolation

method and the spatial interpolation method based upon the motion mode value M with respect

to all pixels in Fn to be subjected to IPC, at operation 638, all luminance components of pixel

values to be finally interpolated can be output. Operations 628 through 638 are also applied in

the same manner to all the pixels in Fn+1 to be subjected to IPC. As a result, in contrast to the

conventional IPC method of FIG. 1, according to the IPC method of the present invention it is

possible to strongly/confidently determine the motion mode of a pixel even in the areas having

no motion as well as in the areas having motions, by low-pass filtering each field pixel, and

using a greater number of pixel motion index values than conventionally used (i.e., by using

pixel motion index values in sequence of fields of two adjacent interlaced image frames, such as

determining a motion mode of a subject pixel based upon the determined motion index values of

temporally and spatially adjacent pixels to the subject pixel).

[0032] FIG. 8 shows example locations of YUV components of pixels in a 4:2:0 interlaced

image format for performing a three-dimensional IPC on a UV (color) pixel component in the

4:2:0 interlace image format, according to an embodiment of the present invention. In particular,

according to another embodiment of the present invention, a method of performing a three-

dimensional IPC on a UV (color) component in a 4:2:0 YUV image signal is provided. That is,

spatial interpolation and temporal interpolation are selectively used by detecting motions of the

UV (color) components of pixels similar to detecting motions in the Y (luminance) components

of pixels. However, because the UV (color) components of pixels has a very small change, the

motion mode determination using the motion index values of the UV (color) components of the

pixels may generate an error. According to the present invention, the motion modes of the UV

(color) components of pixels are determined using the motion mode values obtained from the Y

(luminance) components of pixels.

[0033] FIG. 8 shows the locations of the YUV components of pixels in a 4:2:0 interlaced

image. The parts denoted by circles represent the Y components, and the parts denoted by X

represent the UV components. In FIG. 8, it is assumed that the UV component of the pixel at a

position A of an n-th bottom field is de-interlaced. According to the present invention, the

motion mode value of a Y component at a position B is used instead of the motion mode value

of the UV component at the position A. Because the mode value of the Y component is reliable
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and the distance between the positions A and B is also very small, the motion mode

determination method of the present invention is useful. IPC of the UV components of pixels at

other positions is also performed in the same manner. Accordingly, if the motion mode value of

the Y component of a pixel to be subjected to IPC is "0", temporal interpolation is performed on

the UV component of the pixel of the n-th bottom field to be de-interlaced. On the other hand, if

the motion mode value of such Y component is not "0", an average value of adjacent pixels

above and below in a 90° direction is obtained (i.e., a spatial interpolation having a 90° direction

is performed on the UV component of the pixel of the n-th bottom field to be de-interlaced). In

particular, if the motion mode value of the Y component of the pixel is not "0", because the UV

components of pixels have a small motion, a directional interpolation as in the Y components of

pixels can be difficult. Also, because there are many possibilities that the direction of the Y

component and the direction of the UV component are different to each other when trying to use

a directional value of the Y component, a simple spatial interpolation having a 90° direction is

performed on the UV components of the pixel of the n-th bottom field to be de-interlaced.

Accordingly, the present invention provides a de-interlacing method of replacing the motion

mode of a color difference component of a current pixel Fn (i, j) with the motion mode of a

luminance component of the current pixel Fn (i, j); and obtaining an output value of the color

difference component of the current pixel Fn (i, j) by interpolating two adjacent pixels on a

temporal axis, if determined that the motion mode value of the luminance component is a stop

mode, and obtaining an output value of the color difference component of the current pixel Fn (i,

j) by spatially interpolating in a 90° direction the color difference component of the current pixel

Fn (i, j), if determined that the motion mode value of the luminance component is a motion

mode.

[0034] The present invention may be embodied in a general purpose digital computer by

running a program from a computer readable medium, including but not limited, to storage

media such as magnetic storage media (e.g. ROM's, floppy disks, hard disks, etc.), optically

readable media (e.g., CD-ROMs, DVDs, etc.) and carrier waves (e.g., transmissions over the

Internet). The present invention may be embodied as a computer readable medium having a

computer readable program code unit embodied therein for causing a number of computer

systems connected via a network to effect distributed processing according to the processes of

the invention as shown in FIG. 6. More particularly, the processes of the present invention as
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embodied in the functional block units of FIGS. 4 and 5, and as shown in FIG. 6, are

implemented using software and/or computing hardware.

[0035] As described above, in accordance with the present invention, it is possible to

strongly/confidently determine a motion mode even in areas having no motion as well as in

areas having motions by performing de-interlacing using motion index values determined from

two-dimensional low pass filtered pixel values. More particularly, the present invention provides

a three-dimensional image de-interlacing processor and method converting an interlaced scan

format image into a progressive scan format image by performing low pass filtering on

respective predetermined pixels of a current frame and a previous frame, and determining pixel

motion index values by comparing a threshold value to a difference value between the

respective filtered pixels in a current field in one of the current and previous frames and

corresponding respective filtered pixels in preceding and succeeding fields to the current field

and in the current and previous frames. A motion mode of a pixel is determined based upon the

determined motion index values of temporally and spatially adjacent pixels to the pixel. A

spatial interpolation or temporal interpolation on the subjected pixel can be selected depending

on the determined motion mode.

[0036] While the present invention has been particularly shown and described with reference

to exemplary embodiments thereof, it will be understood by those of ordinary skill in the art that

various changes in form and details may be made therein without departing from the spirit and

scope of the present invention as defined by the following claims and their equivalents.

12


